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ABSTRACT
¥ !
A “semi-physical {it" to the equation of stete of air is generated from
¢ tabulated vglues, Thas lorm is
P=({yr-1llpe
vy = vip, 2)
p = massjvolume
e = energy/mass
A listing of the FORTRAN subroutine AIR is given, as well as a graph
of tabulated and subroutine-computed veiuves of (y - 1),
4
3

W




"t

RTD (WLR) TM-63-2

1. UBR OF AIR

Computer calculations of expanding firebalic in the atmosphere require
some form of equation of state for air which is valid over many orders of
magnitude variation in density and energy. Many SHELL calculations have
been made using an equation of state which appears much toc simple, Fow-
ever, these calculations have given results for firebz=1l growth and rise
which agree amezingly well with experiments. Unfortunately, these results
cannot be expected to give reliable pictures of temperature within the fire-
ball simply because of the inadequacies in the equation of state, The
distributicn of tomperatures within the fireball is extremely important in
fireball caiculations since it deterinines electron density, This note
describes an interim effort to provide a good equation of state for computer
codes,

Previous SHELL calculations have used Yy if e < Cion® °F Y

if 2> € ion’ where € is an input value, The two values of y were

ion
chosen before each problem by referring to‘the resl eguations of state. We
decided to try a simple fit to {y-1) for an ideal gas equation of state, as
computed by NBS, 1 The varisbles which define this equation of state ave
chosen as material density and energy density (p2r mass) rather thaen
density and temperataore, Hydrodyramics calculations tilways involve
material and energy densities, and temperature is not uged a8 an inde<.
pendent variable, * : N

The first look sk zessible formifor this fit wa# directed to the dénisity -
depeadence. Crosspiots of {y-1) vérius denslty for differsnt energiés re-
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{y-1)

E(po, - ﬂ (..Pf;) alz)

sea level density

©
°
1]

1.293 x 10”3 gm/em®

The exponeixt a determines density spreading, and is zero below ¢ = 1
jerk per megagram or 101 ergs per gram, Above € = 1, a {e) is
roughly linear in log (e) (see figure 1), Assuming the density dependence
discovered, the problem reduces to finding a fit for v (p o €). The enexgy
dependence of {y-1) is influenced by the dissociation of the major con-
stituent molecules {ouly oxygen and nitrogen ceantribute much to the
thermodynamic propertiesi. There arc four diffrrent “regimes™ which

are defined below:

1. Nothing dissociated 0 < e { ~5
I, Only oxygen dissociated ~ 3 < e < ~ 30
I, Fverything disgociated ~50< £ < ~ 150
IV. Flectrons contributing ~ 150 < e < =
Each "regime" has itz owr energy dependence, and the thermodynamic

properiies of air are those of whichever regime" represents the composition
of the alr, Transitions in.properties are made as the compousition changes.

Regimes I and Il are affected primarily by the increasing cccupation:-of
vibrational and electronic lzvels of indissacietsd moiecules. The energy
dependence of regime IIis due to increasing occupation of electronic energy
levels, and regime IV is the threshold of the _!‘gm-%g descriptign, *

Thermodynamically, {y-1) is the same as 2/n, where n is the namber
of degrees of freedom, In a gas whose molecales or atoms have internal
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' structure, n need not be an integer. For example, an oxygen or nitrogen

' mholecule ie rotating but not vibrating at room temperature, and has an n of
3+ 2= 5, Anenergy increase will make n change from 5 to 7 {although

! the molecule may dissociate before n reaches 7)., Regimes ! and II repre-
sent this change, plus electronic excitation, for 0z and Nz .

The hump of increasing v at ¢ = 8 is due to the decrease in n for
oxygen from 7 to 3 as the molecules dissociate and can no longer rotate or
vibrate. A similar increase in v occurs as the nitrogen diseociates, and
again as the electrons* {with no internal energy levels) become numerocus,

Afit2o v (p o ¢} for the entire iaterval could be generated by a large
polynomial, but there is more physical significance in a series of experi-
mental fits for each regime which are “turned on and off" as the composition

changes,
In practice, "on and off switches' of the form

1

o)
H

. 8-;8”
1+ exp(bc )
]

have been found to cause suitable transitions "at the "humps » between
functions which have been chosen to fit tigg’&atu closely between "liomps. "
These switches have values from 0 to 1 with & certain-width {~6Ae)
centered about the energy ¢_ and have no particular physical significance
in this work. It seems reasonsble to suppose, bowever, that -e sis peé-
lated in sdme way to the dissoclation energy end Ae to the disscciatioh
equilibzium constant,. - ’ ’
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If ws choose to fit the dnta with exponentials of the forra

then cur method leads us to the followng form for the equation of state:
P=(r-1¢ge

-z/e3

£

-efe, ~e/zz
T-1={a+be gt ce ll-fl)fde 2

+

afe) = a, f,+a,1-£) 1-6) + ay i)
{We might expect the density spread to be d_i;_téru:_t for each regime,)
"51 = pllogzg 8y = 5210355 “3”3,. el L.

The *switckes” are givenby - - . e
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{Electrons) 63 . S
z ~c
-
c(Ace ) +1

'This is still not complicated 2nough to give 2 close description, since cach
‘transition energy and width decresses with decreasing density, This density
dependence was represented by

3
.2..) etc. and

®0,»20 ~ ‘o(,
©

y

P |
Ae = Ae (-—-—-) etc,
OZ-PZG 01p o

The constants were evsluated by a very straightforward technigue:

' gness values, plot curves, guess new values, Toward the end, the curves

| were computed by machine, but the same technique was followed, After
many tedious aitempts, eack cuming a little closer, it was decided to stop,
call thiz an interim equation of state, and continue with more dignified

- techriques. TIhe rescits of the program o date indicate that the approach
' is worthwhile. Rather than lict values for each constant (wkich will prob-

. ably change later) we list a subroutine {appendix I) io PFORTRAN which wiil
; produce {y-1} with an error generally from €-2 percent with occasicnzl

' increases to 5 percent. The tabulated and fitted voluzs of fy-1) ave given
in figure 2, Theequﬁmwi&mbeuappéﬁrhwn Tempera-

| tares above 1, Snwenmmmm;‘m since radiation trons-

i port inlluences things above that temperature, mimplmedappnuum
is for "simple” hydrodynamics only. Itmtybepoadblemcmmﬂu
déscription of regime (¥ whﬁﬂu“"""‘"ﬁj-&( mﬁm‘%ﬁ’" wie
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} Lt. J. D, Gercia has suggested that sltering the energies of transition ray
M account for nonequilibrium effects in dissociation as the firebell expands

M

Iy R A R

aade o
L]
.

rapidly., This seems quile possible, once it can be determined how to
compute the new transition energy. Techkniques to determing the coefficients
from theoretical methods (as opposzd to curve-fitting) may uncover new
freedom in generating equations of state for othex gases,

Finally, the continuation of this work to include equations of state for
earth, fire, and water will allow calculations for all poasible substances,
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Appendix I

The equation with the present nombers:

- _ —e]6.63
y-1= {.161+ .255¢ /4464 | zm0c €/6.83) _g)+

p ale)
: -g/25.5
1378/ £, + .050 £3} (..-po

afe) = 8438 fl logg © + 03204 - EI) {1- iz)_ log; g € + 0451,

3 o
£, = - 15 e, = 8.5+ .357 logy ¢ (;...)
) - e o
e Ael ¢ 1 P .05
be, = 975 (—--)
1l Po
0157
g = ! e, = 4. £
2 €, -~ € Po
[ 4 _AE + 1 .085
z P
ae.= 4.0 [—
e, (Po
1 -
£y 8
e ~Ac3 Aesa 8,
1+ S =

SRR
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